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(57)Abstract: 

PROBLEM TO BE SOLVED:To provide a new compound that 

is useful as a catalyst for the reaction between carbon 
dioxide and hydrogen, a catalyst using the same, a method of 
producing formic acid by the reaction between carbon dioxide 
and hydrogen and a method for carbon dioxide fixation. 
SOLUTION: The polypyridine bearing hydroxy group(s) is 
represented by general formula (1) (wherein R 1 is H or an 
alkyi, Ml is Ir, Rh or Ru, Y Is a halogen or H, X Is a counter 
anion forming a metal complex), a catalyst using the 
polypyridine compound, a method of producing formic acid by 
reaction between carbon dioxide and hydrogen by using the 
polypyridine as a catalyst and a method for carbon dioxide 
fixation are provided. 
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tLXii. Chen. Lett, p.863 (1976) Chem. Ccjinnun. p. 1465 (1993) ^ # UBS 51-13861 

) 

t/z. n^^^XEJii'^^^^^tii. #11^7-173098^, #Pi20Ol-288137-t, 
^mt^'ft^^^m. ^52^^12^ pp. 1032-1043(1994), Nature Vol 368, p. 231 (1 
994), Chem.Lett. p.l016 (2001), J. Am. Chem. Soc. p. 7963 (2002), J. Am. Chem 
. Soc. p. 344 (1996), Inorg.Cheni. p. 1606 (2C02)j5:fftr|5ic$tLTV^2>o (^WXlSk 

3 - ARi/mmicm 2 ~ 7 mm) 

^hi'. yjcM'+'X'gli&^-frS i fc{±> #|iBS5&-140948, Chem. Conmun. p. 971 (1999 
), Appl. Organoneal. Chem. p857 (2000), Inorg. Chem. p. 5083 (2000){c|a® $ ti 

^hKtti. '^iaMT;Jc»4>T~@«^^*fflV>7t^lS^, 3. Am. Chem. Soc. p.6 

319 (1983) ^<Dmmi!^mB^^\^^/z=.m<tRm<^^mAM'itKiz^im^<mhiix\^^^ 

mWXrn 1 ] #iBS51-138614-f-^$| 
mWXm 2] #li BS 56-166146^^$R 
irnXmS] #P¥7-173098^^$g 
irnXmi] #l§2001-288137#^^ 
mfflcMb] #PiBS5&-140948<2r$| 

[i^#lt:^Ci^ 1 ] Chem, Lett, p.863 (1976) Chem. Comiun. p. 1465 (1993) 

immicm2] ^mt-^it^w^^m. m^^m^u^ pp.io32-io43(i994) 

[^¥!WW1cm3] NatureVol 368, p. 231 (1994) 
immXM^] Chem. Lett. p. 1016 (2001) 

J.Am. Chem. Soc. p. 7963 (2002) 
[WiW^XMe] J -Am- Chem. Soc. p. 344 (1996) 
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[^^#fpjtK7] Inorg.Chem.p. 1606 (2002) 
[0<^^XWi8] Chem.Cofrmun. p. 971 (1999) 
[^<Wfft:U9] Appl.Organofneal. Chem. p 857 (2000) 

0] Inorg. Chem. p. 5083 (2000) 
W^lfflcUl 1] 3. Am. Chem. Soc. p.6319 (1983) 

mmi>mm lx^ t-t^ mm] 

[0 0 0 3] 

<Dmm'{^^±^-r^^t'^m^n.X\y^i>o ^tU^fj:M^^\f^t^ (DChem. Lett, p.863 
(1976)!3:foJ: ^ ic, ^WMmi> L < fi7k^:<^)S#?i«ti'. h ijx^;VT$ >'^<^:t«l 

7?>cO^¥d£T^ ^'m«rS^it-t-^:;^-ffio (2)#|i^ 7-173098^ T'li. 

M-fbM^ i: ^ 7 ^ ^ ^ c7):SS'tt^ S#^TS^5 ^-t^ l^mo C3)# H HS 56-140948, Ch 20 
em. Commun. p. 971 Q999')KmWi.^flfzMmA(7)^'^m^=.m<t^mt^m^h^^m^ 
U^t^lfmo (4)3. An. Chem. Soc. p.6319 (1983) left ? tl;ttB^/N-9 i:. ^ffl 

tlTV^^o 0.')-OdK^\j^X\t. 3. Am. Chem. Soc. p. 7963 (.2Q01')\,^t tibh^X^^^h 
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mfE(i)(2)co:^i£T-ii. r^y^r)\^':i~)v^'7):^mm^m'^-r^-SL-^t^^^:it. tfz 

^^-t-^^m<Dm\t7^y^(Dmiim(oM-X2i^i^m^mh^x\^h::Lt. ^t^\z^^i^ 
■^^^^WLbm\iLtz^um<D%-im<r>f^mt^:i>Zo (3),(4)c7):^^ii, i^m^^xcou. 

)ST'^^), «ti=J-fflv^'fcv^iv^^#it*^LTjoV), #ic(4){i, -^JEMXIiffiJET- 
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[0 0 0 6] 

2|i:|&§gjc*v>Tfflv»Tv^2. r^#J itt, -tts: (1) (3) ■e^^ti^.-f 'J 

nv^A, ;vT-'^A^M^#Mi«XJi-lfi:^ (2) (4) -e^?!*L 

U A {i ^ ^ f - ;v ^ 0 ^ -7 X ;v IB^^ ^ . ;V"r-'>Atc{i^^^j-p<f^;i/'^ 
fi7J^■:^>' ho i; ^'^cD.if 'J t: v;-@S^aT-± leftist LTTkESC-OH)^ 'bo'fk-g-tl 

D <r > T ^ > ^ a 7 ~ > ^ t\ Kmm k mmt fnf t'A.^j: (7)x-i,m^^j:^^o 

NaHCO^ , K,CO, , KHCC^ , CaCO, , BaC03 , SrCO, ^j: fyb^f K ^ o Xfirm-fb^*'^ 

&xiiL<ii^^y'}y^'t^:ztizX'DTRm^xiim7^M^'^^^-r!t>mimttzii 

mim<^^Wi'it^i>1^tL<. ^(DMiiLXit. L10H, NaOH, KOH, CaCOH), , BaCOH), , S 
m'fiRV'Bm^^j:fizm:^-r^o S^O'Srftfe^^JgJilxlO-'-lxLO-' M^, Jf^ L<f±lxlO 
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mm 

[0 0 0 7 ] 

mmm 1 ~ 6 ) 

Lfzo 

m2 1] 




^ifi^J 1 -6 : M=Ir 

y<>i':*f-)\^Z/^v^>dr-yj:.:::.}V-^^}-J^A ^^n'J K^'f'^- 400 mg (0.50 timol) 

i:4,7-vt: Kn^v'-l,10-7 j;-^^' h n 250 mg (1.18 tiino1)^-7p« f-ji^.-^jVA r ^ 
KID ml tc-i§^-r;i>o ic;5M^^gt#H^T80Jt-el2^MllI]»#Lfjo ^co'^k. M 

iMMLtz^ mtii^KJ:^^^ y~)i^iM^. yf -mm^km^AL. M^^E/5^2Cml|IJt}::#|i 

(LH20, •^ai?^ lcfflL;tm. J^-T)V^M^'X^^^'^^^tKX^ 

mt^lOmgV^hfl^o aSM 67%) C:(^'fk-^i^JilJlT»::^1-55-*fife:^*>^l^5Styi:o 
IR (Nujol) 2669 (0-H), 2587 (0-H) , 1608, 1583, 1542, 1226; 

NMR (DMSO-d,, 13.2 (bs, 2 H), 8.94 (d, 3 = 6.3 Hz, 2 H), 8.20 (s, 2 H), 

7.44 (d, J = 6.3 Hz, 2 H), 1.69 (s, 15 H). 

"C NMR (DMSO-d, , ^ )161.80, 150.37, 145.89, 120.19, 118.30, 109.09, 85.71, 6.32; 

Anal. Calcd for CjjH„ajIrN,Oj :.C, 43.28; H, 3.80; N, 4.59. Found: C, 43.20; H, 

3.90; N, 4.38; 

FABMS m/z 575 [K-CI]. 

mmm ? ) 
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t -C n V 7 A ^ -^BK L ;t o - t^'fk-^tl (i ii^T t ^^^^ j5» ^ II 5e L 7t o 

IR (Nujol) 2669 (0-H), 2590 (0-HD , 1603, 1583, 1540, 1225; 

'H NMR (DMSO-ds. $ ): 13.0 (bs, 2 H), 8.93 (d, J = 6.2 Hz, 2 H), 8.16 (s, 2 H), 
7.41(d, 3 = 6.2 Hz, 2 H), 1.69 (s, 15 H); 
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"CMill CDMSO-d,, 5): 162.45, 150.34, 144.59, 120.39, 117.69, 109.12 , 93.63. 6. 
62; 

Anal. Calcd for Q,H„a,N,0,Rh:C, 50.69; H, 4.45; N, 5.37. Found: C, 50.35; H, 

4.44; N, 5.45; 

FABMS m/z 485 [M - CI]* . 
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mmm s ~ i o ) 

IR CNujol) 2672 (O-H), 2593 (0-H), 1606, 1583, 1512, 1222; 

NMR (DMSO-d, . ,J ): 13.2 (bs, 2 H), 8.88 (d, J = 6.3 Hz, 2 H), 8.11 (s, 2 H), 30 
7.38(d, J = 6.2 Hz, 2 H), 2.07 (s, 18 H); 

"CM« (DMSO-d,, 5): 161.08, 151.99, 144.57. 119.56, 117.88, 108.67, 92.06, 13 
.31; 

Anal. Calcd for C,,H,,Cl,N,0,Ru:C, 52.75; H, 4.8; N. 5.13. Found: C, 51.91; H, 4 
.73; N, 5.07; 

FABMS tn/2 511 [M - ai* . 
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NMR (DMSO-dj , $'): 13.2Cbs, 2 H), 9.43 (d, D = 6.2 Hz, 2 H),8.14 (s, 2 H), 7. 
33 (d, J = 6.2 Hz, 2H), 6.13 (d, D = 6.2 Hz, 2 H), 5.91(d, 3 = 6.2 Hz, 2 H), 2.6 
(m, 1 H),2.15 Cs. 3 H), 0.92 Cd, 3 = 7.0 Hz, 6H); 
"C NMR (DMSQ-dg, J): 162.97, 153.34, 145.04, 120.61, 117.27, 108.58, 99.81, 99 
.16, 82.82, 80.58, 28.37, 19.70, 16.29; 20 
Anal. Calcd for Q ^ H„ 0^ Ru:C, 50.97; H, 4.28; N, 5.4(K. Found: C,50.68; H, 
4.02; N, 5.74%; 
FABMS m/z 483 [M - CI]* . 



[0014] 

4,7-vt; Vu^z^-l,10-y V^VyK^^X4,4' -vi; Kn:^->-2,2' -kft'Vv 

NMR (KOD/DjO, ^ ): 8.26 (d, 1 = 6.6 Hz, 2 H), 7.14 (d, J = 2.4 Hz, 2 H), 6.63 
(dd, ] = 6.5, 2.4 Hz, 2 H), 1.58 (s, 15 H). 
FABMS ra/z 595 [M*-X]. 
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[0 0 161 

WR CKOD/D,0, 5 ): 8.18 (d, J = 6.6 Hz, 2 H), 7.05 (d, 3 = 2.5 Hz, 2 H), 6.63 

Cdd, D =6.6, 2.5 Hz, 2 H), 1.98 Cs, 18 H). 
"C NiVR (K0D/D,O, 178.55, 159.U, 154.99, 120.93, 115.60, 95.17, 17.25; 
FABMS m/z 533 [W-X]. 

10 0 17] 20 

mmm 1 4 ) 

2 6 ] 



[0 0 18] 

4,7-vli KD^>/-l,10-7i^^ hni; >lIft^T3,3' k K D ^ v-2,2' -tfeUi? 

IR CNujol) 2726, 2673, 1582, 1533, 1258; 40 
^H \m CDMSO-d, , 5): 18.1 (bs, 1 H, H-O-H), 8.06 (dd, 1 = 5.2. 1.3 Hz, 2 H), 7. 
26 (dd, J = 8.4, 5.2Hz, 2 H), 7.06 (dd, J = 8.4, 1.3Hz, 2 H), 1.56 (s, 15 H); 
"C NMR (DMSO-d, , sy. 159.06, 143.74, 137.80, 127.14, 124.99, 86.16, 6.04; 
Anal. CaTcd for (;,H,,airN,0, :C, 43.67; H, 4.03; N, 5.09. Found: C, 43.60; H. 3 
.86; N, 4.86; 

FABMS iri/z 551 [M + H]* , 515 [M - CI]* . 
[0 0 19] 

rt^aiOO ml hif l^-rn^r^OifeimBi^t^^tc^^L/irMJScDTK-jtjSCSO 
«m)$:>tt:ji<?^^ — ®'fkM^i:7lc*:^;^olMl<^)a'&:**7;«-^^OJE;t7t?JEAXt4^-?yj 5° 




30 



(IS) 



3P 2004-217632 A 2004.8.5 



mmt-r&:^yA (TSKgel SO(0f):TOS0H) IZML. MBi-r^mi^^^^X ^^210 miz^ii 
[0 0 2 0] 
[^11 



nm 

m 


m 




mae 


& iJ 
(iPt) 


(B»8) 


t )simWhp 


[ mmm m»^m 


1 




noH 


80 


4 


116 


7300 


2430 


0.73 


2 






40 


4 


112 


4300 


115 


0i43 


3 




KOH 


120 


6 


10 


21000 


36400 


042 


4 




KOH 


80 


1 


91 


8700 


1830 


0^7 


5 






40 


1 


64 


3300 




033 


6 




Km 


80 


ai 


67 


800 


21 


OM 


7 




KOH 


80 


4 


32 


2400 


270 


024 


8 




KOH' 


80 


4 


165 


12 500 


370 


\as 


9 




KC»f 


120 


6 


24 


15 400 


3 ^ 


tM 


10 




KOfiT 


100 


2 


n 


10 800 


600 


1j08 


U 


[(p<jiBfla«)Ri^iL')CI]0 


BOH* 


100 


6 


56 


5700 


790 


OSI 


u 




KOir 


80 


4 


48 


6 700 


4000 


0JS7 


13 


[(C;M>^Kfl(HaL^f» 


KDir 


120 


4 


24 


11 200 


1 800 


1J2 


14 




KOH 


80 


4 


20 


150 




0J)15 



10 



20 



: ji««J8« 0.1 aR. jDffif^^tt CO^iBi -1:1 CDJB^XTf^fc. 



[0 0 2 1] 



40 



DP 2004-217632 A 2004.8.5 



[it 2 7 ] 




~m.^ (1) T^^^fLi,-^ ^} ly^A^i^ (62 mg, 0.1 trniolD cT^teTRji ^ y - jVviv^ClO 
m1)^c0.5 MKa\(D^^ y (400 0.2rnnol) ^HQxT. 1 O^MWLTto 

ic^v§ytt^it7i:Ji-r-'^ (lOO ml) tiD^^t. M-fe@#*^';tffti:11-i>o ^fi^iMML. 

, 37%) ^#;to Ci<7)^k'&t)(imTl^^-r^^lS*>5^ibf?I^L/^o t;t. (1) T 

y v'>i^^#^K0D/D,0-c^a!lSt;i:^)O^llI--C^2>^.i: tmi?-L/co 
IR (KBr) 1602, 1559, 1497; 

NMR (DMSO-ds , 5 ): 7.86 (d, 3 = 6.9 Hz, 2 H), 7.62 Cs, 2 H), 6.22 (d, J = 6.9 
Hz, 2 H), 1.69 (s, 15 H); 
"CM^ (DMSO-dj, ^): 175.40, 149.34, 149.22, 129.44, 118.46, 115.31, 95.05, 8. 
69; 

NMR (D,0, $ ): 8.56 (d, 3 = 6.5 Hz, 2 H), 7.94 (s, 2 H), 6.78Cd, 3 = 6.5 Hz, 
2 H), 1.63 (s, 15 H); 

Anal. Calcd for H^airKN, Oj • H^O: C, 41.93; H, 3.68; N, 4.45. Found: C, 42.0 

2;H, 3.89; N, 4.20; 

FABMSCglycerol) fn/z 613 [M + H]* ,575 [M - K + 2H]* , 539 [M - K- CI + H]* . 
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-iK^ (1) -etfoi^tia-f U-:^^;i^^# 2 mg t U 3 :h h V 'J^i.dfe 6 rag «-M;jc^ 
5 ml K'SML. 0.4 MPa 0*t**J^T3 B^^^SLJ^:^^ 'H ^MR K'J K^#(^M 

ma. (D,0, 5) 8.40 (d, 2 = 6.5 Hz, 2 H), 7.92 (s, 2H), 6.75 (d, 3 = 6.5 Hz, 2 
H), 1.69 (s, 15 H), -11.10 (s, IH). 

[0 0 2 3] 

@E5a]'fk'^ifeT*.S[Cp*Rh(bpy)a]a, [Q3*IrCbpy)a]a, (QMee)RuCbpy)a]a fi. 

Cat!., A Vol. 195, p. 95 (2003))^ ^^m^h\i^^h<Dmm'^m^mKjit:^ 

tKWL^ ^ ^ T ^ Tii gi^fS-'tt ^^-r >r <t ^ J. fi L 7t o 

^iftM4-6) o iwittic-iig^ (1) x-m^^^^Kui;^A^^x'h^^K^\,^mmt^ 
xif (2) xUh^K^^m^i^iiT)v^^)t^7K'^m^B-y'ohy^t:^^^;iy). -m^ ( 

[ 0 0 2 4 ] 
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[0 0 2 5] 

[mil 3. 7. 8, giioo^T. I^M0jaicJ:Sc¥rg^<^||^g§.^,<;^.jg^ 
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BE20B BE37A BE37B BE38A BE38B BE45A BE45B BE46A BE46B CB02 
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4H006 AA01 AA02 AC47 BA22 0^3 BA24 BA37 BA44 BA46 B^51 
BB31 BB45 BE20 BE41 BSIO 

4H039 CA65 CB40 CB90 CE40 

4H050 AAOl AA03 AB40 WBll WB14 WB17 WB21 
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